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a. a magnesium compound, and 
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B. a haiogenating agent, and 

C. contacting the halogenated product with a transition metal compound. 
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POLYMERIZATION CATALYST, PRODUCTION AND USI 



BACKGROUND OF THE INVENTION 

This invention relates to a novel solid catalyst component to be employed with a cocatalyst for use in 
s the polymerization of olefins to homopolyolefins such as polyethylene, polypropylene and the like, or 
copolymers such as ethylene copolymers with alpha-olefins and diotefins for the production of high bulk 
density resin granules. The catalyst component shows high activity and excellent hydrogen response for the 
control of polymer molecular weight The catalyst evidences good comonomer incorporation for reducing 
and controlling the density of the polymer. Most importantly, the catalyst is used to produce a granular 
10 polymer product with exceptionally high bulk density. Furthermore, the bulk density of the product is 
controlled independently from the catalyst formulation variables which control activity. H 8 response and 
comonomer incorporation. 

The polymer product obtained evidences an important balance of polymer properties, for example, the 
catalyst system obtains a polymer with a narrow molecular weight distribution and an improved balance in 
ys polymer product machine direction tear strength and transverse direction tear strength. As a result, the 
blown film produced from the polymer product such as linear low density polyethylene manifests an overall 
high strength. 

The catalyst evidences sufficient activity such that removal of catalyst residues from the product is 
generally unnecessary. In addition, the residues which are present in the resin are of such an innocuous 
20 nature that the corrosion, odor, taste, and extractables problems associated with many prior art polymeriza- 
tion catalyst residues are not present with this system. 

The catalyst component of this invention comprises a solid reaction product obtained by contacting (A) 
the dried solid, obtained by contacting (a) an essentially dry. solid, particulate, porous support material such 
as, for example, silica, alumina, magnesia or mixtures thereQf. for example, silica-alumina with (b) the 
23 reaction products of a (i) alkyl magnesium compound and a (ii) polysiloxane with (B) a halogenating agent 
and contacting the halogenated product with a (C) transition metal compound. The novel catalyst compo- 
nent, when used with an organometalfic cocatalyst, provides the novel catalyst system of this invention 
which can be usefully employed for the polymerization of olefins. 

The catalyst system can be employed in slurry, single-phase, high pressure, temperature, solution, and 
gas-phase polymerization processes and Is particularly effective for the production of linear polyethylenas 
such as high-density polyethylene and linear low density polyethylene. The catalyst is preferably used in 
slurry or gas phase polymerization where the high polymer bulk density advantages are retained. 

Recently, interest has arisen in the use of magnesium-titanium complex catalyst components for the 
polymerization of olefins. For example. European Patent Application 27733. published April 29, 1981 
discloses a catalyst component obtained by reducing a transition metal compound with an excess of 
organomagnesium compound in the presence of a support such as silica and thereafter deactivating the 
excess organomagnesium compound with certain deactivators including hydrogen chloride. 

U.S. Patent No. 4.136,058 discloses a catalyst component comprising an organomagnesium compound 
and a transition metal halide compound, which catalyst component is thereafter deactivated with a 
«o deactivating agent such as hydrogen chloride. This patent does not teach the use of support material such 
as silica, but otherwise the disclosure is similar to the European patent application discussed above. 

U.S. Patent No. 4,250,288 discloses a catalyst which is the reaction product of a transition metal 
compound, an organomagnesium component and an active non-metallic halide such as HCI and organic 
halides containing a labile halogen. The catalyst reaction product also contains some aluminum alkyls. 

Catalyst components comprising the reaction product of an aluminum alkyl-magnesium alkyl complex 
plus titanium halide are disclosed in U. S. Patent Nos. 4,004,071 and 4,276,191. 

U.S. Patent No. 4,173.547 and U.S. patent No. 4,263,171. disclose respectively a catalyst component 
comprising silica, an organoaluminum compound, titanium tetrachloride and dibutyl magnesium; a catalyst 
component comprising a magnesium aJkyl-aJuminurn alkyl complex plus titanium halide on a silica support 

European Patent Application 32,308 discloses polymerizing ethylene in the presence of a catalyst 
system comprising an organic metal compound and a titanium-containing material which is obtained by 
reacting together an inert particulate material, an organic magnesium compound, a titanium compound and 
a halogen containing compound such as SiCU PCI* BCt* CI* and the like. 
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Each of U.S. Patents 4,402.861; 4,378.304; 4,388.220; 4.301.029; and 4,385,161 disclose supported 
catalyst systems comprising an oxide support such as silica, an organomagnesium compound, a transition 
metal compound and one or more catalyst component modifiers. These patents do not disclose the 
catalysts of this invention. 

5 U.S. Patent No. 4.431,568 discloses a polymerization catalyst which is the reaction product of a solid 
inorganic oxide support, a hydrocarbon-soluble organomagnesium compound, a chlorosilane, and a titanium 
compound. This catalyst is used to produce polymers with broad molecular weight distribution, but with 
good bulk density. The catalyst does not use a polysiloxane, does not use organomagnesium compounds 
soluble in hydrocarbons such as ethers, does not use alternate chlorinating agents such as alkyl aluminum 
10 halides. and must be washed prior to addition of the Ti-containing component The invention does not 
pro'duce a polymer with a narrow molecular weight as does the present invention. 

European Patent Application No. 105,728 discloses a polymerization catalyst comprising the reaction 
product of a magnesium alkyl (or alkyl magnesium alkoxide) and hydropolysiloxane which is then contacted 
with a transition metal alkoxide and a halogenating agent. The catalyst is used to produce different 

is molecular weight distributions is slurry and solution polymerizations. This patent application does not 
disclose the use of dialkylpolysiloxanes, the use of organomagnesium compounds soluble in hydrocarbons 
such as ethers, and does not utilize a silica support for control of particle size and bulk density. 
Furthermore, the catalyst does not utilize a titanium halide compound, but only titanium alkoxides. 

European Patent Application No. 58,54a discloses a polymerization catalyst prepared by reacting an 

20 organometallic compound with a titanium compound in the presence of the reaction product of an 
organomagnesium compound, a silicon halide compound, and a solid inorganic oxide. The organomag- 
nesium compound is necessarily soluble in inert hydrocarbons and may contain an electron donor. Such 
electron donors include siloxanes and polysiloxanes. The catalyst is used to produce polymers having 
either narrow or broad molecular weight distributions, high bulk densities, and high activities, regardless of 

25 use in slurry, solution, gas phase, or high pressure, single phase polymerization. The catalyst does not 
disclose use of organomagnesium compounds soluble in hydrocarbons such as ethers, does not use 
chlorinating agents such as alkyl aluminum halides, and must be washed prior to adding the Ti-containing 
component Furthermore, the Ti-containing compound must be reacted with another organometallic com- 
pound in order to obtain high activity. 

so European Patent Application 132,288 discloses a solid polymerization catalyst component prepared by 
reacting an organomagnesium component with a chlorosilane. reacting the solid product with an aldehyde, 
silanol. hydrosiloxane, alcohol, or thioalcohol, then treating with a transition metal compound. The catalyst is 
used to produce a polymer having high bulk density while the catalyst has a high efficiency. Unfortunately, 
the polymer particles sizes produced by this catalyst are very small, generally 105 to 149 microns. It is 

35 difficult to handle these fines in conventional polymer processing equipment because they tend to "bridge" 
and, once suspended in a gas stream, are difficult to disengage from that stream. However, the high bulk 
density achieved with this invention results from this very small particle size. As pointed, out in EP 
Application 105,278, an increase in catalyst activity results in a reduction in polymer bulk density. This 
occurs because the polymer particles grow to too large a size. Therefore, it is necessary, in EP Application 

40 132,288. to keep the polymer particle size small in order to achieve the high bulk density. 

The catalyst systems comprising magnesium alkyls and titanium compounds, although useful for the 
polymerization of olefins such as ethylene and other l-olefins, do not show excellent responsiveness to 
hydrogen during the polymerization reaction for the control of molecular weight do not readily incorporate 
comonomers such as butene-l for the production of ethylene copolymers, and do not show a high catalytic 

45 activity. In particular, these catalysts do not produce a granular polymer product having a high bulk density 
for resin granules of commercially viable particle size, nor do they teach methods of obtaining such a 
product Furthermore, with such catalysts, one obtains polymer product whose film properties are unbal- 
anced under anisotropic conditions. 

In accordance with this invention, catalyst combinations have been found which have high catalytic 

so activities, good comonomer incorporation, and excellent hydrogen responsiveness for the control of 
molecular weight and obtain polymer product with greatly improved film properties. The resins especially 
exhibit a desirable high bulk density. The resins exhibit excellent melt strength, as well as excellent MD tear 
strength in excess of 80 g/mil and dart impact strength in excess of 70 g/mil with a 1.0 dg/min and 0.918 
g/cc density film. 

55 The catalyst system employing the transition metal containing catalyst component is advantageously 
employed in a gas-phase ethylene polymerization process. The high bulk density improves transfer of the 
granules throughout the reactor and associated piping. Furthermore, the product need not be extruded 
before being sold commercially, It is generally known that resin bulk density increases as resin particle size 
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decreases and as catalyst activity decreases, thus many catalyst systems are used to produce very fine 
resins, although at high catalyst activity. This fine material causes difficulties in conveying and requires 
extrusion before it can be used to produce useful articles. The present invention allows one to control bulk 
density while producing larger granules, minimizing fines production, and eliminating extrusion costs 
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SUMMARY OF THE INVENTION 

In accordance with the objectives of this invention there is provided a transition metal containing 
catalyst component for the polymerization of alpha-olefins comprising a solid reaction product obtained by 
contacting (A) the solid obtained by contacting (a) an essentially dry. solid, particulate, porous support 
"I!? J? «f hydrocart)on solvent w «n (b) the reaction products of a (i) magnesium hydrocarbyl or 
substituted hydrocarbyl or a complex of the magnesium hydrocarbyl or substituted hydrocarbyl with an 
organometallic compound of a metal of Group IA. HA, IIB. and II1A of the Periodic Table and a GO 
polysiloxane. with (B) a halogenating agent, and contacting the treated halogenated product with (C) at least 
one transition metal compound of a Group IVB. VB. or V1B metal of the Periodic Table. 

The solid transition metal-containing catalyst component, when employed in combination with a 
cocatalyst. such as an alkyl aluminum cocatalyst. provides a catalyst system which demonstrates a number 
?rI qU L Pr °^ rte \*f? r9 * imp0rtance in 0,efin Polymerization technology. In particular, the polymer 
bulk densrty is very high, but in addition, the catalyst exhibits high catalytic activity and the ability to control 
ttie molecuter weight during the polymerization reaction as a result of the improved responsiveness to 
hydrogen. The polymer product obtained from the polymerization of olefins and particularly ethylene 
manifests improved melt strength and tear strength. 

In a preferred embodiment of the invention the <i) magnesium compound Is dihydrocarbyl magnesium 
compound represented by R'MgX wherein R' is a hydrocarbyl group selected from alky.. Jyl, cycioXT 
aralkyl. afcaryl. alkadienyl or alkenyl groups having from I to 20 carbon atoms, and X. which carT be Se 
same or different from R\ isan alkyl. cycloalkyl. alkenyl. aryl. aralkyl. or alkaryl group or a group such as a 
halide. alkoxide or siloxide. The <ii) polysiloxane is represented by the general formula 
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wherein R . R , and R° which can be the same or different are each a hydrocarbon radical having from I to 
fnn^" atDmS ™ d ™ y ******* aJken y | - aitaryl. or aralkyl groups, and n Is a number from I to 
WOO. preferably to 500 and k ranges from 3 to 20. preferably 4 to IO. The (B) halogenating agent can 
be a si icon halide. aluminum halide. boron halide. phosphorous halide. tin halide. zinc halide. a halogen 
germanium halide. antimony hand© and the like. 

The (O transition metal compound is preferably a transition metal compound or combination of 
transition metal compounds represented by the formulas TrXWOR%. TrX^R' 0 . VOCOR 1 ), and VOX», 
wherein Tr is a transition metal of Groups fVB. VB. or VIB metal and preferably titanium, vanadium or 
zirconium, R and R" are alkyl. aryl. aralkyl. or aralkyl groups having from I to 20 carbon atoms or 1.3- 
cydopented.enyls. 5C is halogen and q is zero or a number less than or equal to 4. There are no hydrogen 
atoms in the 0 position relative to the transition metal when R" is an alkyl group. Mixtures of the transition 
metal compounds can be employed. 

I! f ^ en ?f S i!.! , . e !l ri0dlC Tabte ^ 10 the CAS ° f the Periodic Table found in the 68th 

Edition of The Handbook of Chemistry and Physics. CRC Press 0985-1986]. 
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In accordance with this invention, the ingredients employed in forming the transition metal containing 
catalyst component are added to the inert solid support material in a specific order. The reaction product of 
the magnesium compound and the polysiloxane in a suitable solvent are reacted with the dry support the 
solid dried, and thereafter treated with the halogenator, and finally treated with the transition metal 
5 compound. 

In a second embodiment of this invention there Is provided a catalyst system comprising the transition 
metal containing solid catalyst component and an organoaluminum cocatalyst for the polymerization of 
alpha-olefins using the catalyst of this invention under conditions characteristic of Ziegler polymerizations to 
produce polymers having a high bulk density. 

10 The catalyst systems can be employed in a gas-phase process, high pressure and temperature single 
phase process, solution process or slurry process. The catalyst system is usefully employed in the 
polymerization of ethylene and other alpha-olefins, particularly alpha-olefins having from 3 to 8 carbon 
atoms and copolymerization of these with other l-olefins or diolefins having from 2 to 20 carbon atoms, 
such as propylene, l-butene, l-pentene, l-hexene, l,5-hexadiene and the like so as to form copolymers of low 

is and medium densities. The supported catalyst system is particularly useful for the polymerization of 
ethylene and copolymerization of ethylene with other alpha-olefins in gas-phase processes. 



DESCRIPTION OF PREFERRED EMBODIMENTS 

20 

According to the polymerization process of this invention, ethylene, alpha-olefins having 3 or more 
carbon atoms or ethylene or propylene and other olefins or diolefins are contacted with the catalyst under 
polymerizing conditions to form a commercially useful polymeric product. The catalyst system is particu- 
larly advantageously employed for the production of linear, high density and linear, low density polyethyl- 
25 ene. 

Typically, the support can be any of the solid particulate porous supports such as silica, alumina, 
zfrconia, thoria, magnesia, and titania. Preferably, the support material is a Group IIA, MA, IVA, or IVB metal 
oxide in finely divided form. 

Suitable Inorganic oxide materials which are desirably employed in accordance with this invention 

zo include silica, alumina, and silica-alumina and mixtures thereof. Other inorganic oxides that may be 
? employed either alone or in combination with the silica, alumina or silica-alumina are magnesia, titania, 

zirconia, and the like; Other suitable support materials, however, can be employed. For example, finely 
divided polyolefins such as finely divided polyethylene. 

The metal oxides generally contain acidic surface hydroxyl groups which will react with the or- 

36 ganometallic composition or transition metal compound first added to the support. Prior to use, the 
inorganic oxide support is dehydrated. i.e., subject to a thermal treatment in order to remove water and 
reduce the concentration of the surface hydroxyl groups. The treatment can be carried out in vacuum or 
while purging with a dry inert gas such as nitrogen at a temperature of about IOO°C to about IOOO°C. and 
preferably from about 300°C to about 800°C. Pressure considerations are not critical. The duration of th£ T 

40 thermal treatment can be from about I to about 24 hours. However, shorter or longer times can be 
employed provided equilibrium is established with the surface hydroxyl groups. 

Chemical dehydration is an alternative method of dehydration of the metal oxide support material which 
is particularly advantageous In this catalyst system. Chemical dehydration can convert all water and 
hydroxyl groups on the oxide surface to inert species. Useful chemical agents are. for example S'iCI*. 

45 chlorosilanes such as trimethylchlorosilane, silylamines and the like. The chemical dehydration is accom- 
plished by slurrying the inorganic particulate material in an inert hydrocarbon solvent, such as, for example, 
heptane. During the chemical dehydration reaction, the support should be maintained in a moisture-and 
oxygen-free atmosphere. To the slurry is then added an inert hydrocarbon solution of the chemical 
dehydrating agent such as, for example, trimethylchlorosilane. The solution is added slowly to the slurry. 

so The temperature range during the chemical dehydration reaction can be from about 25°C to about I20°C, 
however, higher and lower temperatures can be employed. Preferably, the temperature will be from about 
50 °C to about 70°C. The chemical dehydration procedure should be allowed to proceed until all the 
moisture is removed from the particulate support material, as indicated by cessation of gas evolution. 
Normally, the chemical dehydration reaction will be allowed to proceed from about 30 minutes to about 16 

55 hours, preferably I to 5 hours. Upon completion of the chemical dehydration, the solid particulate material is 
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!S *. nitr °S? n atmOSphere and «ash«l one or more times with a dry. oxyaen-free inert 

r^rocarbon solvent The wash solvents, as well as the diluents employed to fbmT fTKrlldTSl 
solution chemical dehydrating agent, can be any suitable Inert hyXSboT Mustek oTsucS 
hydrocarbons are heptane, hexane. toluene, isopentane and the like "'ustranve or such 

5 J*?"*? dehydration fs tne Preferred method of dehydrating the supports In this invention The best 

I" TJZL***? 10 !T. the f Upp0rtS this invenfion - The best mode hasten to triTelpport w^ 
hydrocarbon slurry of tnmethylchtorosilane for about 3 hours at SO°C. An excess of Z aZS 

dehv^ ;rr u ^T h ''^ is pre,erred after me reactfon fe » * sTimST^S 

dehydrattng agent is used, then the washing step may be eliminated before the support is dried 

The preferred (A) organometallic compounds employed in this invention are oTganomagnesium com- 

Z!3irrT Bd , IV 6 f0rmU ' a R ' M ° X 2 ~ Wh6refn ° < " * * * * « alky.. £F££^J2& 
a kad.enyl or alkenyl group, and X. which may be the same or different from "tv.Hm. Veto* iS 
alkenyl. aryl. aralkyL or alkaryl group, or a group such as a halide. alkoxide represented^ -OR* 3m£& 
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where R». R« and R°. which may be the same or different, are defined the same as fV and in 

S^Sms Zf. 2ST 2 f X - 5-* *™*™?TZ"n*X,££72 

20 carbon atoms, preferably from I to about 10 carbon atoms. Illustrative, but norHimitino examoles 

? y ,m ? 9nes,um ' diPiopylmagneslum. dHsopropylmagnesium. dl^butylmagnesSm.H 
T d,a ^y |ma 9 nesi ""'. dioctylmagnesium. dJ-n-hexylmagneslum. di-decXaSeSnTand 

lMmSZr.„H? as d,phenylmagnes,um and dinaphthylmagneslum; dialkarylmagnesiumrsuch as 
as SET n d «y'y"«agnesium; and diaralkylmagnesiums such as dibenrylmag7esium. 

40 The hydrocarbon sofvent insoluble magnesium hydrocarbyl compounds are generally obtained from 
fta»tt» solubiteatkm of the OTBanorognMiun, cwnpounds in hydrocabon soSnt 

Illustrative examples of the magnesium aluminum complexes are 
[(n-aHoMC^JMgl^JjAIkoa. 
80 Kn-CHoHMglCHoMl^a. 
KrvCoHo^MgJJCHsJjAlko. and 

T ( e^ H Aty^. lr |S lo),A,I0 ■ O, • A SUttabte m39nesium a,umInum «»"P^ Magalae BEM manufactured by 
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The organomagnesium-aluminum complexes, are known materials and can be prepared by conventional 
methods. One such method involves, for example, the addition of an appropriate aluminum alkyl to a solid 
dialkylmagnesium in the presence of an inert hydrocarbon solvent The organomagnesium-organoaluminum 
complexes are. to example, described in U.S. Patent No. 3.737.393 and 4.004.071 which are incorporated 
herein by reference. However, any other suitable method for preparation of organometallic compounds can 
be suitably employed. 

When X Is a halogen atom, it may be chlorine, bromine or iodine. Of these, chlorine is preferred. 
Illustrative, but non-limiting examples of magnesium-containing compounds for which X is a halogen 
group are the alkylmagnesium halides such as ethylmagnesium chloride, n-propylmagnesium chloride, 
neopentyl magnesium chloride, ethylmagnesium bromide, n-butylmagnesium bromide; the cycloalkylmag- 
nesium halides such as cyclopentylmagnesium chloride, cyclohexylmagnesium chloride, and cyclohexyl- 
magnesium bromide; the arylmagnesium halides such as phenylmagnesium chloride, phenylmagnesium 
bromide, and naphthylmagnesium chloride: the alkenylmagnesium halides such as vinylmagnesium chlo- 
ride, vinylmagnesium bromide, allylmagnesium chloride, and butenylmagnesium chloride; the alkarylmag- 
nesium halides such as p-tolylmagnesium chloride and xylylmagnesium chlorides; the aralkylmagnesium 
chlorides such as benzylmagnesium chloride and neophylmagnesium chloride. 

Illustrative, but non-limiting examples of magnesium-containing compounds for which X is an alkoxy 
group follows. The possible hydrocarbyl groups on the magnesium have been illustrated in earlier examples 
and are not repeated here, since those skilled in the art will recognize that the above magnesium- 
hydrocarbyl combinations may also be usefully employed in the following examples. Such compounds 
include alkoxides such as ethylmagnesium ethoxide. ethylmagnesium n-butoxide, ethylmagnesium n- 
hexyloxide. ethylmagnesium, and ethylmagnesium t-butoxide: such aryloxides as ethylmagnesium phenox- 
Ide and ethylmagnesium nephthyloxide; cycloalkoxides such as ethylmagnesium cyclopentyloxide and 
ethylmagnesium cyclohexyloxide; alkaryloxides such as ethylmagnesium p-tolyloxide and ethylmagnesium 
xylyloxide; aralkoxides such as ethylmagnesium benzyloxide. 

Illustrative, but non-limiting examples of magnesium-containing compounds for which X is a siloxy 
group include the alkyl siloxides such as ethylmagnesium trimethysiloxide. ethylmagnesium triethylsiloxide 
ethylmagnesium dimethylethylsiloxide. ethylmagnesium methyldiethylsiloxide. and ethylmagnesium tri-n- 
butylsiloxide; alkyl hydrosiloxides such as ethyl magnesium dimethylhydrosiloxide. ethylmagnesium methyl- 
dihydrosiloxide. ethylmagnesium diethylhydrosiloxide. and ethylmagnesium di-n-butyl hydrosiloxide- 
cycloalkylsiloxides such as ethylmagnesium tricyclopentylsiloxide and ethylmagnesium tricyclohexylsiloxide; 
arylsiloxides. arylhydrosiloxides. and arylalkyl siloxides such as ethylmagnesium triphenylsiloxide. ethyl- 
magnesium diphenylhydrosiloxide, ethylmagnesium phenyldihydrosiloxide, ethylmagnesium diphenyl- 
methylsiloxide. ethylmagnesium phenyldirnethylsiloxide. and ethylmagnesium phenylmethyl hydrosiloxide; 
alkarylsiloxides such as ethylmagnesium tri-tolylsiloxide and ethylmagnesium tri-xylylsiloxide; and aralkyl- 
siloxides such as ethylmagnesium tri-benzylsiloxide. 

It is desirable to employ magnesium alkyls which are hydrocarbon solvent soluble which are not 
complexed with aluminum alkyls. Illustrative of such hydrocarbon soluble magnesium alkyls are (n-butyl)- 
;rr- tuy)rr.i l 9..ci!j.'n, J:(n-hexyl)magnesium, (n-butyl)(n-hexyl)magnesium, and the like. 

The polysiloxanes which can be employed in accordance with this invention are represented bv the 
generic formula 




where ISnS 1000. Cyclic polysiloxanes. as represented by the formula. 
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wherein k ranges from 3 to 20. preferably 4 to 10. may also be used in accordance with this Invention. 

r 9 T^? C fo f mU,aS ' R '* RT and R '' which mav 156 100 83018 ° r different, are alkyl. alkenyl. 
cydoalkyl. aryl. aralkyl and alkaryl groups. Illustrative, but non-limiting examples of polysiloxanes are 
alkyls,toxanes such as potydimethylsiloxanes. polydlethylsiloxanes. poly^ethyleftylsiloxanes. polyrSthy" 
b^lsdoxanes. and the like; arylsiloxanes such -as dipolydiphenyteiloxaVies. and L like; aJka^silox^ 

^LS^aTSTIS ^ P° , ^ , y' s ; Ioxa "-. - d *. like; po.yara.kylsi.oxanes such asTx>.y^ 
zyls.loxar.es. and the like, and cychc siloxanes such as octamethylcyclotetrasiloxane. nexamethvl- 
cyclotns.Ioxane.tetramethyttetraphenylcyclotetrasiloxane. and the like «ras«°xane. nexamethyl- 

that 5! , ! r ,| inear °[ branch8d Polysiloxanes with triaikylsilane capped ends may also be used. It is desirable 
that the siloxanes have viscosities in the range of about O.S to 10 000 cSt aesiraoie 

nnJll^^T*? 3 ,-!!? 6 "* Whfch *"* P artfcu,an V s"'*a°'e Include silicon haJides. boron hafides. phos- 
SSSLS^^*^ haBdeS "* a " C «— «— not been fou'nd to 

b* i^^/ff '* "* SillC ° n handeS re P resented b V «"« formula X^SiR " wherein m can 

~.L? " £ a , na, °9 en sucn 38 <»«*••. b~n,ine. or iodine and R- is a hydrogen or aflcyl alkenyl arvi 
aralkyl, or alkaryl group having from I to 20 carbon atoms /arogen or aixyi. aittenyi. aryl. 

to Jl^dtSSS 8 °V he T?? handeS ^ Smc ° n "***»*«. trimethylchlorosilane. dimethyldlch- 
lorosilane. dimethylchlorosilane. dichlorosilane. trichlorosilane. ethyttrichlorosilane dl^Jirr.rhZ^Z^T 

22*25? ^ZT"*! 0 ^' ^ td^^^r^S 

^^^^ -* ^y.hexyicch.orosi^e. diphenyki 

TTie aluminum haJides are represented by the formula FVUX^ wherein s Is a positive number from I to 
L™illl™*Z 9 Z UP haVin9 ? 0m ,to20cart ^ atoms. ...ustrative of the alurSZ li^TwhS Tmay 
dTchLS ^JE V f ^I" 08 are diethylaluminum chloride, etty^umi^m 

22^' !S?T ln !JT SeSqufch,oride - l«butylaluminum chloride, diisobutylaluminum chloTde he™ 
^^^«^ de ^ eX "^T inUm Ch,0ride ' he ^<*num sesquichloride^nd theTe. 

Other illustrative hal.des include boron halides such as boron trichloride diethvl boron ehtarfeta 

SST^FSrE ^"T" Ch K ,0nde ' bUty ' b ° ron dich,oride - <^PnenZmn "^^SSVE 
ride, and the like; phosphorus halides such as phosphorus pentachloride. phosphorus mchS dtth* 
chlorophosph.ne ethyldichlorophosphine. dibutylchlorophosphine. butyldichlompSoihine . diolUnvS 
torophosphme. phenyl dichlorophosphine. and the like; tinhalides such as tin te^torfd\» t2£T£ 

chlonde, ethylanc chlonde. butylanc chloride, phenylanc chloride, and the like 

•oroSan 8 ^^ — " ™ d °* »* Preferred and especially trich- 

meta^rSlf^rS C ° mp ° UndS wn '' ch can 1)8 employed In the preparation of the transition 

mete containmg catalyst component of tiiis invention are well Imown in the art. 

TIO rS?^£SS5 ^nV^S? °V metal COmp ° unds Inc,ude titanium-containing compounds such as 

•uaZvq rSoa vn££S t SS5222P? -d *- titaniUm teteab "to^e; vanadlunvcontaining compounds 
vSoSnS' ^^LS°^ y 0 ^*** VO(0+CH,),. vanadyl tri-2-ethylhexanolate. VOCOGWA 
~ WZZr fc ^ ,fke : and zirconium compounds such as ZrCL 2rfO+CH.V. 2riOCH.i M/nr^u 

«B J»«« meals . Mnadta „ J , roool|iro m fnlm(i ^ <Bn|um ^ ^ pecj ^ 
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As indicated above, mixtures of the transition metal compounds may be usefully employed with no 
restriction being imposed on the number of transition metal compounds which may be reacted with the 
organometallic composition. Any halogenide and alkoxide transition metal compounds in Groups IVB, VI and 
VIB, or mixtures thereof, can be usefully employed. The titanium tetrahalides are especially preferred, with 
titanium tetrachloride being most preferred. 

The treatment of the support material as mentioned above can be conducted in an inert solvent The 
inert solvents can also be usefully employed to dissolve the individual ingredients prior to the treatment 
step. Preferred solvents include mineral oils and the various hydrocarbons which are liquid at reaction 
temperatures and in which the individual ingredients are soluble. Illustrative examples of useful solvents 
include the alkanes such as pentane. iso-pentane. hexane, heptane, octane, and nonane; cycloalkanes such 
as cyclopentane. cyclohexane; and aromatics such as benzene, toluene, ethylbenzene and diethylbenzene. 
The amount of solvent employed is generally not critical. Nevertheless, the amount employed should be 
sufficient so as to provide adequate heat transfer away from the catalyst components during reaction and to 
permit good mixing. 

However, it is preferred to prepare the solid catalyst component using the minimum amount of solvent 
necessary to wet the support thoroughly and provide sufficient liquid for good stirring and mixing. Thus, 
treatment of the dry, inert particulate support with the reaction product of the magnesium compound with 
the polysiloxane is most preferably done in that amount of solvent, such that the total volume added is 
equal to the pore volume of the support being treated plus that extra amount of liquid needed to wet the 
exterior of the particles, fill the interstices between particles, and provide enough liquid such that stirring 
can be easily accomplished. The volume of the interstices is typically about 40% of the overall volume 
which the support occupies. 

It is preferable to minimize the amount of solvent when treating with the magnesium compound - 
polysiloxane reaction product in order to ensure uniformity of distribution throughout the support If the 
amount of solvent is too large, then too large a fraction of the product is outside of the pores of the support 
and subsequently deposits on the external surface after drying. If the amount of solvent Is too little, then 
there is interparticle inhomogeneity with some particles supporting much more of the magnesium 
compound-polysiloxane reaction product When the minimum amount of solvent is used, the product is 
uniformly deposited in the pores of the support and drying occurs rapidly. The result is a free liquid in the 
pores of the support with only weak interaction with the pre walls. This has been demonstrated by °C NMR 
which showed no difference between carbon atoms on the polysiloxane when the sample was not spun and 
when the sample was examined by magic angle spinning. This is characteristic of bulk liquids, but the solid 
appeared to be dry. free flowing, and non-sticky. 

The amount of solvent used in other steps of the catalyst preparation should also be minimized as 
described above. The advantages described therein also pertain to those steps. 

Polar solvents such as ethers can also be used in this invention. Various magnesium compounds 
containing a magnesium carbon bond will not dissolve in inert hydrocarbons such as hexane. so polar 
solvents are needed to facilitate solution. Such solvents include diethyl ether, tetrahydrofuran, furan, p- 
dioxane, m-dioxane, dipropylether, di-n-butylether, di-isoamyl ether, and the like. 

In accordance with this invention it is highly desirable that the reaction product of the magnesium alkyl 
and the polysiloxane in the presence of the silica be dried prior to treatment with the halogenating agent 
Drying can be accomplished by means well known in the art, for example, through passage of an inert gas 
such as argon or nitrogen over the sample at elevated temperature, evacuating the sample at temperatures 
ranging from about -30°C to about !20°C. Most preferably, the sample is dried by passage of an inert gas 
over the solid at a temperature sufficient to permit rapid evolution of the solvent, but sufficiently low to allow 
the polysiloxane to remain in the pores of the support. More specifically, the evolving solvent should not 
evolve so rapidly that it forces the siloxane from the support pores. In particular, evacuation of the support 
is only marginally successful for drying, unless the rate of solvent evolution is controlled by controlling the 
vacuum. 

It should be noted that the support should not be washed following treatment with the magnesium 
compound-polysiloxane reaction product This material is not permanently deposited onto the support and 
will be removed if the support is washed at this stage. The support can generally be washed with an inert 
solvent after treatment with the halogenating agent or with the transition metal containing compound. 
Suitable solvents for washing the support are inert hydrocarbons such as pentane, hexane, heptane, 
benzene, toluene, and the like. 
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The dried recovered product is then contacted with the halogenating agent The halogenating agent is 
added to the dry solid in a suitable solvent which may be the same or different from solvents listed above 
The temperature employed during the addition of the halogenating agent to the dry solid can be in the 
range of -30°C to 150-C and preferably I5°C to 50«C. Typically, the halogenating agent is added to the 
dry solid at room temperature. " 

The amounts of materials usefully employed in the solid cataJyst component can vary over a wide 
range. The concentration of the magnesium compound-polysiloxane based on the magnesium content 
deposited on the essentially dry. support can be in the range from about 0.05 to about 10 mmoles/g of 
support, however, greater or lesser amounts can be usefully employed. Preferably, the concentration is in 
the range of 0.5 to 8 mmoles/g of support and more preferably in the range of I.O to 5 mmoles/g of 
support The magnesium alkyl to the polysiloxane molar (Mg/O) where O is the number of moles of oxygen 
present in the siioxane) ratio can be in the range of from about 0.05 to about I. Preferably the ratio is in the 
range of 0.08 to 0.3 and more preferably In the range of O.IO to 0.2. 

The magnesium compound and the polysiloxane are added to the support material in any order. Most 
is preferably, the magnesium compound and polysiloxane are mixed together and then added to the dry 
support However, it is possible to add the two materials simultaneously to the dry support When mixed 
pnor to addition to the support, the magnesium compound and the polysiloxane are allowed to react from O 
to 100 hours, preferably O to 20 hours, and most preferably O to 3 hours. The reaction between the 
siioxane. the magnesium compound and the support material can be maintained from 0.5 hours upward to 
so about 48 hours or more. Generally, the reaction is maintained at room temperature with constant stirring. 

The molar ratio of the halogen in the halogenating agent to the magnesium in the solid can. be in the 
range of 1.0 to 5.0. Preferably, the amount of halogen added is in the range of L5 to 3 and most preferably 
the molar ratio is about 2. 

The transition metal compound is added to the inert support at a concentration of about O.OI to abqut 2 
a mmoles Ti/g of dried support, preferably in the range of about 0.1 to about 1.5 mmoles Ti/g of dried support 
and especially in the range of about 0.2 to I mmoles Ti/g of dried support 

Generally, the individual reaction steps can be conducted at temperatures in the range of about -30 0 C 
to about ISO*C with ~I5°C to about 50°C being most preferred. The reaction time tor the individual 
\^, 8 J) \ StepS 030 rang8 from ***** 5 minutes to ^"t 24 hours. Preferably the reaction time will be from 
scout 1/2 hour to about 8 hours. During the reaction constant agitation is desirable. « 

The catalyst components prepared in accordance with this invention are usefully employed with 
Iff!?*!* W 2 , J mown ln *® art of the Ziegler catalysis for polymerization of olefins. Typically, the 
cocatalysts which are used together with the transition metal containing catalyst component are or- 
ganometainc compounds of Group IA. IIA. and II1A metals such as aluminum alkyls. aluminum alkyl 
hydndes. lithium aluminum alkyls. anc alkyls, magnesium alkyls and the like. The cccatafysfs preferably 
* f re a S,°J anoa,uminum compounds. The preferred alkylaiuminum compounds are represented by the 
tonnuia air wherein FT is hydrogen, hydrocarbyl or substituted hydrocarbyl group. X" is a halogen 
and Is njS 3. Preferably. FT is an alkyl group having from 2 to IO carbon atoms. Illustrative examples of the 
cceatalyst material are ethylaluminum. dichloride. ethylaluminum sesquichloride. dlethyialumihum chloride, 
toethyl aluminum, to-n-butyl aluminum, triisobutylaluminum. diisobutyl aluminum hydride, diethylaiuminum 
epoxide the like Aluminum tirialkyl compounds are most preferred with triisobutylaluminum and iriethyl 
aluminum being highly desirable. 

The amount of organomefallic cocatalyst used with the solid transition metai-containing catalyst 
^J 0 ,™* ran " of about 10 mote or organometallic cocatalyst par mole of transition metal to 

about I.OOO moles par mole of transition metal, more typically ranging from 20 to 300. and preferably in 
the range of 50 to IOO. The amount of cocatalyst used is dependent on the operating conditions in the 
reactor, the purity of the feeds to the reactor, and upon the amounts of impurity allowed in the product 

The catalyst comprising the aluminum alkyl cocatalyst and the transition metal containing solid catalyst 
component is usefully employed for the polymerization of ethylene, other alpha-olefins having from 3 to 20 
carbon atoms, such as for example, propylene, butene-i. pentene-l. hexene-l. 4-methylpentene-l, and the 
nke and ethylene copolymers with other alpha^lefins or diolefins such as 1.4-pentadiene. 1.5-hexadiene 
butadiene. 2-methyh3-butadiene and the like. The polymerizable monomer of preference Is ethylene The" 
catalyst system may be usefully employed to produce polyethylene or copolymers of ethylene by 
copo^enzingwith other alpha-olefins or diolefins. particularly propylene, butene-l. pentene-l. hexene-l 
and octene-l. The catalyst is especially useful for the catalytic production of LLDPE. The olefins can be 
polymerized in the presence of the catalyst of this invention by any suitable known process, such as. for 
example, suspension, solution and gas-phase polymerization processes. 
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The polymerization reaction employing catalytic amounts of the above-described solid catalyst can be 
carried out under conditions well known in the art of Ziegler polymerization, for example, in an inert diluent 
at a temperature in the range of 50°C to I20°C and a pressure of I to 40 atmospheres or in the gas-phase 
at a temperature range of 70°C to IOO°C at about I atmosphere to 50 atmospheres and upward. Illustrative 
6 of the gas-phase processes are those disclosed in the U.S. Patent Nos. 4,302.565 and 4,302,566 which 
references are incorporated by reference. As indicated above, one particularly advantageous property of the 
catalyst system of this invention is the production of a polymer product having a high bulk density. 
Typically, a polymer produced in accordance with this invention will have a bulk density in the range of 
0.35 to 0.46 g/cc and advantageously 0.43 to 0.46 g/cc. The catalyst system can also be used to 
io polymerize olefins at single phase conditions, i.e. f ISO°C to 320°C and I.OOO to 3,000 atmospheres. At 
these conditions, the catalyst lifetime is short but the activity sufficiently high that removal of catalyst 
residues from the polymer is unnecessary. However, ft Is preferred that the polymerization be done at 
pressures ranging from I to SO atmospheres, preferably 5 to 25 atmospheres. 

In the processes according to this invention, it has been discovered that the catalyst system is highly 
is responsive to hydrogen for the control of molecular weight Other well known molecular weight controlling 
agents and modifying agents, however, may be usefully employed. 

The polyolefins prepared in accordance with this invention can be extruded, mechanically melted, cast 
or molded as desired. They can be used for plates, sheets, films and a variety of other objects. 

While the invention is described in connection with the specific examples below, it is understood that 
so these are only for illustrative purposes. Many alternatives, 'modifications and variations will be apparent to 
those skilled in the art in light of the below examples and such alternatives, modifications and variations fall 
within the general scope of the claims. 

In the Examples following, the silica support was prepared by placing the silica gel in a vertical column 
and fluidizing with an upward flow of N,. The column was heated slowly to 800°C and held at that 
25 temperature for 12 hours after which the silica was cooled to ambient temperatures. 

The melt index (Ml) and melt index ratio (MIR) were measured in accordance with ASTM test DI238. 
The resin bulk density was determined by averaging the results of 3 measurements done by pouring a 115 
cc sample through a plastic funnel into a IOO cc plastic cylinder (2.6 cm internal diameter B 19.0 cm high). 
The funnel was situated r above the cylinder. The sample was poured into the funnel which was blocked at 
30 the bottom, then allowed to fall into the cylinder. Excess was scraped off. The sample was weighed and the 
bulk density calculated. 

The resin density was determined by density gradient column according to ASTM test DI505. The 
films were produced on a typical blown film line using a 2.5 inch extruder with a 6 inch die. The die gap 
was 120 mil and the film was drawn to 1.25 mil with an 18 Inch frost line height Die throughput was 9.5 
Ib/hr/inch die circumference. 



Catalyst Preparation 

The silica used as a support was a microspheroidai silica gel which had been dehydrated at 800 °C for 
5 hours. It had a pore volume of 1.58 ml/g of silica, a surface area of about 300 mVg, an average particle 
size of 46.9 microns, and a narrow particle size distribution (10 wt % of the particles were less than 15 
microns in diameter and 90 wt % of the particles were less than 78 microns in diameter). 2.0 grams of this 
silica were placed in a clean, dry, oxygen-free 50 ml vial containing a stirring bar. 

Into a clean, dry oxygen-free 30 ml vial containing a stirring bar was placed 9.23 ml of hexane, 4.75 ml 
of a IO cSt polydimethylsiloxane (PDMS) capped with trimethylsiiyl groups at the chain ends, and 12.70 ml 
of a 9.9% butylethylmagnesium (BEM) solution in heptane. This mixture was allowed to react for I hour at 
room temperature while stirring. 

10.0 ml of the BEM/PDMS solution was slowly added to the vial containing the dehydrated silica. As the 
silica became wet, it was carefully and slowly stirred so as not to grind the dry silica and change its 
morphology or particle size distribution. An additionaJ 5 ml of hexane was added to the vial to ensure 
complete wetting of the silica. The sample was then stirred for t hour at room temperature. After I hour of 
mixing, the sample was carefully dried under flowing nitrogen at 50°C. The sample was carefully stirred 
during this drying to ensure even distribution of the BEM/PDMS product throughout the pore volume of the 
support The sample dried to a free-flowing powder within 2 hours. 



Example I 
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20 ml of a OJO mmole/ml trichlorosilane solution In hexane was added to the dry solid at room 
temperature as It was slowly stirred. After the addition was complete, the sample was stirred for I hour at 
room temperature. After I hour. 1.6 ml of a 0.5 mmole/ml solution of TiCI. in hexane was added to the 
sample at room temperature. The sample was then carefully dried under flowing nitrogen at SO°C white 
stimng carefully. The sample dried to a free-flowing powder containing 0.90% Ti by weight within 2 hours 



Polymerization 



10 »ao^ J? autoc,ave reactor was used ^ catalyst testing. The freshly cleaned autoclave was heated to 
EO C and flushed with purified nitrogen for 30 minutes. It was then cooled to room temperature. 850 ml of 
* h6Xane WaS added - ^ ml of a l0% (w/w) solution of trWsobutylaluminum in heptane 
Si « WaS ,njected ,nto the reactor - The rea ctor was then heated to 85°C. 105 mmoles of hydrogen and 
20 ml of butene-4 were added to the reactor. The reactor was then pressured to ISO psig with dry, oxygen- 

is free etiiylene. The polymerization of ethylene was then started by injecting IOO mg of the dry solid 
prepared m Example I. The pressure in the reactor was maintained at I50 psig by feeding ethylene as ft 
was taken up during the polymerization. «u.y. B n B as re 

* 6 rea f?° n was , aJlowed t0 P roceed to 80 minutes. At the end of that time, the ethylene was shut off 
and the reactor rapidly cooled to room temperature. The reactor was vented to I atmosphere and opened. 
so The hexane slurry of polyethylene was poured into a I liter crystallizing dish and the hexane allowed to 

TrOfHT** 2"*"! °U. eSln W3S produced in Polymerization- The resin had a spherical morphology 
and a high bulk density. The resin properties and the activity of the catalyst are shown in Table I. 

ss Examples 2 ° 6 

_ J"!T! ^Pte*. along with Example I above, show how varying the loading of the magnesium 

^n^^ V J! to>t Z 9 L hai0genBting 89ent and ™ U while ^'"9 ^e composition of the mateS 
constant in the pores of the support Influences the bulk density of resin produced by the catalyst 

30 I * * 8 BEM/PDMS reaction product was prepared as described in Example 

SSS tS^IST!!? WSre 346 m ' 0f hexane ' 17 8 ml * a '° cSt Polydimethylsiloxane 
SSttlC; 6thy ^ 9r ° UPS 81 Chai " 47 ' 6 ml - * butylethylmagnesium 

^ ^^t^ 1 ^ Tk, by th8 Same method Scribed In Example I. but with the quantities of 

reagents shown «n Table 2. The molar ratios of Mg/Ti and Mg/O (in the POMS) and Mg/CI (In the SiHCW 
were kept constant at 3.80. 0.13, and O.SO respectively. Therefore, the composition of the active maSn 
the pores of the support was kept constant, only the volume of material in the pores changed 

P 18 c ff^ wera tested under the same conditions as Example I except that the polymerizations were 

ZS^^^X^C^ ° f *° » 8 " — 

Comparative example I 

by thTcatelyS." 9 9Xampl9 **** 01 SUPP ° rt °" controllin 9 the bulk density of resin produced 

wasld^tX ST* 88 deSCribed ^P' 6 ' "° support was used. i.e.. the SiHCI, 

e SS r to ^ 9 ^ PrDPnate qU3ntity 07 BEM/PDM S reaction product and no drying steps were 
so Tabte ^ 8 mann9r Wentical to th* described in Example I. The results are shown in 

Comparative Example 2 

33 catal^preSon! £amPle ^ * ^ TiCU bsfore 8ddi " 9 the ch,ori "a« n g agent in the 
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A catalyst was prepared as described in Example I except that the TiCU was added first to the dry silica 
impregnated with the BEM/PDMS reaction product, then the appropriate quantity of SiHCI 3 was added. The 
catalyst was tested in a manner indentical to that described in Example I. The results are shown in Table 3. 

5 

Comparative Example 3 

The following example shows the effect of eliminating the BEM and using only the POMS in the silica. 
This was done to test whether the TiCI, is reacting with the POMS alone, and to demonstrate that the 
i o magnesium alkyl is an essential part of the catalyst 

A catalyst was prepared as described in Example I except that the T1CI« was added first to the dry silica 
Impregnated with only PDMS, then the appropriate quantity of SiHCI, was added. The catalyst was tested in 
a manner indentical to that described in Example I. The results are shown in Table 3. 

75 

Comparative Example 4 

The following example shows the effect of eliminating the PDMS and using only the BEM in the silica. 
An inert higher molecular weight hydrocarbon (Isopar® L from Exxon Chemical Company) was substituted 
20 for the PDMS. 

A catalyst was prepared as described in Example I except that the dry silica was first impregnated with 
a mixture of hexane, Isopar L, and BEM rather than the BEM/PDMS reaction product The catalyst was 
tested in a manner identical to that described in Example I. The results are shown in Table 3. 

25 

Comparative Example 5 

The following example shows the effect of premixing the chlorinating agent and the Ti containing 
compound. 

oo A catalyst was prepared as described in Example I except that the dry silica was treated with a mixture 
of TiCL and SiHCI* rather than the two components separately. The catalyst was tested in a manner 
identical to that described in Example I. The results are shown in Table 3. 



os Comparative Example 6 

The following example shows the effect of adding the chlorinating agent to the silica mixed with the 
BEM/PDMS reaction product without first drying the slurry to a free-flowing powder. 

A catalyst was prepared as described in Example I except that the SiHCI, was added to the slurry of 
40 silica and BEM/PDMS without first drying the support under flowing nitrogen. The catalyst was tested in a 
manner identical to that described in Example I. The results are shown in Table 3. 



Examples 7-12 

45 

The silica used as a support in these examples was a microspheroidal silica gel which was chemically 
dehydrated with chlorotrimethylsilane (SiC»(CH,),). The silica was the same as that used in Example I. 15.0 
grams of this silica were placed in a clean, dry, oxygen-free 250 ml Schlenk flask equipped with a dropping 
funnel and containing a stirring bar. The silica was slurried in 150 ml of dry, oxygen-free heptane and 
so heated to 70 # C. A bubbler was attached to the sidearm of the flask in order to allow evolved gases to 
escape. 26.7 ml of neat chlorotrimethylsilane was added dropwise. The sample was then stirred for 3 hours 
at 70°C. The sample was cooled to room temperature and washed 6 times with 50 cc aliquots of hexane. It 
was then dried under vacuum in a nitrogen containing dry box. 

55 
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Examples 7 through 12 were all prepared by the procedures described in Example I. except that the 
quantities of BEM/PDMS reaction product originally prepared differed somewhat For Example 10. the 30 
ml vial contained 9-23 ml of hexane. 4.75 ml of a 10 cSt polydimethyJsiloxane (POMS) capped with 
trimethylsilyl groups at the chain ends, and 12.70 ml of a 9.9% butylethylmagnesium (BEM) solution in 
heptane. For the other examples, the BEM/PDMS solution was made in aliquots containing 34.6 ml of 
hexane. 17.8 ml of a IO cSt polydimethylsiloxane (POMS) capped with trimethylsilyl groups at the chain 
ends, and 47.6 ml of a 9.9% butylethylmagnesium (BEM) solution in heptane. 

The catalysts were prepared by the same method described in Example I. but with the quantities of 
reagents shown In Table 4. The molar ratios of Mg/Ti and Mg/O On the POMS) and Mg/CI (in the SiHCI,) 
were kept constant at 3.80. 0.13. and 0.50 respectively. Therefore, the composition of the active material in 
the pores of the support was kept constant only the volume of material in the pores changed 

The catalysts were tested under the same conditions as Example I except that the polymerizations were 
conducted for 60 minutes. The results of the polymerizations. Including the results of Example I for 
comparison, are shown in Table 5. 

Comparative Example 7 

This example shows the results of eliminating the chlorinating agent during the catalyst preparation 
30 grams of the silica used in Example I was dehydrated at 200°C under flowing nitrogen for 5 hours. 
20 grams of this sample was placed in a clean, dry. oxygen-free 500 ml vial containing a stirring bar and 
slurried in 200 ml of dry. oxygen-free hexane. The vial was equipped with a bubbler in order to allow 

x V f?,%T S *?, eSCaPe ' Th9 sample was heated to 6 °°C SO ml of a 1.0 mmole/ml solution of 
dimethyldichlorosilane was added slowly over I hour. The sample was then stirred for 3 hours at 60°C 
After the stirring was complete, the liquid was decanted and the sample washed 3 times with 200 mi 
aliquots of n-pentane. The sample was dried under flowing nitrogen at 50°C. 

2.0 grams of the chemically dehydrated silica was placed in a clean, dry. oxygen-free 50 ml vial 
"Jf™ 9 , l^™ 9 ^ * * EM/PDMS reaction P foduct was Prepared as described in Examples 2 through 
01 « he BEM/PDMS solution was added slowly to the support while stirring carefully. An additional 
i~Z! • oxy98n * free neKan « *«* a*** 6 ** to ensure thorough wetting of the support The sample was 
stirred for I hour at room temperature. The slurry was then carefully dried at 50°C under flowing nitrogen. A 
free-flowing white solid resulted. - 

20 ml of a 0.04 mmole/ml solution of TiCU in pentane was then slowly added to the dry solid at room 
^perature while carefully stirring. The sample was then stirred for I hour at room temperature. The 
sample was then dned at 50°C under flowing nitrogen until it was a free^towing powder 
^r^J??'^ 35 tested under the same conditions as Example I except that the polymerizations were 
conducted for 60 minutes. The results of the polymerization are shown in Table 4 



<o Examples 13 - 16 

The following examples demonstrate the effects that changing the siloxane molecular weight have on 
the i performance of the catalyst A magnesium alkyl-PDMS reaction product was prepared by mixing 5J9 ml 
of dry. oxygen-free hexane. 7.14 ml of 9.9 wt % BEM in heptane, and 2.67 ml of the appropriate PDMS for I 
<s nour at room temperature. The samples were used immediately after reacting the BEM and PDMS. The 
molecular weights of the different siloxanes used are shown in Table 6. 

m ™® f^jf 3 JJf" Prepared exactly as described in Example I except that IO ml of a 020 
mmo e/mf solution of SiHCt in pentane was added at 40°C instead of 20 ml of a O.I mmole/ml solution of 
SiHCI, in hexane added at room temperature. 

60 mrJr^fSS W f re * 6St S " nder Same conditions 88 ^P'e I except that the polymerizations were 
conducted for 60 minutes. The results of the polymerizations are shown in Table 6 
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Examples 17 * 19 

The following examples demonstrate the use of siloxanes having phenyl groups substituted for the 
methyl groups in the previous examples. The magnesium alkyl-siloxane reaction product was prepared by 
5 mixing 5.16 ml of dry, oxygen-free hexane. 7.14 ml of 9.9 wt % BEM In heptane, and the weight of the 
specific siloxane shown in Table 7 for I hour at room temperature. The abbreviations used are as follows: 
HPDS (hexaphenyldisiloxane), TPDMDS (tetraphenyldimethyldisiloxane). and DPTMDS 
(diphenyltetramethyldisiioxane). The samples were used immediately after reacting the BEM and siloxane. 
Catalysts were then prepared exactly as described in Example I except that 10 ml of a 0.20 mmole/ml 
io solution of SiHCI, in hexane was added at room temperature instead of 20 ml of a O.I mmole/ml solution of 
SiHCI, in hexane. 

The catalysts were tested under the same conditions as Example I except that the polymerizations were 
conducted for 60 minutes. The results of the polymerizations are shown in Table 7. 

75 

Example 20 

A magnesium alkyl-OMCTS (octamethylcyclotetrasiloxane) reaction product was prepared by mixing 
4.94 ml of dry, oxygen-free hexane, 7.36 ml of 9.9 wt % BEM in heptane, and 2.70 cc of OMCTS for I hour 
20 at room temperature. The sample was used immediately after reacting the BEM and siloxane. The catalyst 
was prepared exactly as described in Example I except that 10 ml of a 0.20 mmole/ml solution of SiHCI, in 
hexane was added at room temperature instead of 20 ml of a 0.1 mmole/hil solution of SiHCI, in hexane. 

The catalyst was tested under the same conditions as Example I except that the polymerizations were 
conducted for 60 minutes. The results of the polymerization Is shown In Table 7. 

25 

Examples 21 - 26 

The following examples demonstrate the use of different magnesium compounds with this invention. 
oo The magnesium compound-siloxane reaction product was prepared by mixing dry, oxygen-free solvent the 
specified magnesium compound solution, and the 5.34 cc of a 10 cSt polydimethylsiloxane as specified in 
Table 8 for I hour at room temperature. The samples were used immediately after the mixing was complete. 

Catalysts were then prepared and tested as described in Example 13. The results of the polymerizations 
are shown in Table 9. 

05 

Examples 27 - 29 

The following examples demonstrate the use of different titanium compounds with this invention. TiCI- 
40 (OBu), was prepared by mixing 12.76 g of Ti(OBu), with 2.37 g of TiCU and heating for 3 hours at 60 # C. 
TiCWOBu), was prepared by mixing 8.51 g of Tl(OBu)« with 4.74 g of TiCU and heating for 3 hours at 60 # C. 
Sufficient quantities of both compounds as well as TiCU were diluted with clean, dry, oxygen-free to prepare 
25 cc quantities of a 0.5 mmole/ml solution of each in hexane. Catalysts were then prepared and tested as 
describe^ in Example 13. The results of the polymerizations are shown in Table 10. 

45 

Examples 30 - 36 

The following examples demonstrate the use of different chlorinating agents with this invention. Hexane 
so solutions of the chlorinating agents shown in Table II, except for chlorine gas, were prepared at a 
concentration of 0.2 mmole/ml. Catalysts described in Examples 30 through 34 were then prepared and 
tested as described in Example 13. The results of the polymerizations are shown in Table II. 

Examples 35 and 36 were prepared as described in Example I. except that the samples were 
chlorinated by flowing a 10% by volume mixture of chlorine and nitrogen over the dried silica/BEM/PDMS 
55 reaction product at room temperature for the time specified in Table II instead of adding SiHCI,. After the 
chlorine addition was complete, the vials were flushed with nitrogen for 10 minutes at room temperature. 
16.0 ml of a 0.05 mmole/ml solution of TICU was then added to each sample at room temperature and 
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stirred for I hour. The remainder of the preparation was Identical to that described in Example I 
Polymerizations using these samples were then conducted in a manner identical to that described in 
Example 13. The results are shown in Table II. 

Example 37 

The following example demonstrates the utility of gas phase polymerization using the catalyst described 
in this invention for producing a high bulk density resin. 

Catalyst Preparation 

The silica used as a support was a microspheroidal silica gel which has been dehydrated at 80 - C for 5 
hours under flowing nitrogen, ft had a pore volume of 1.58 ml/g of silica, a surface area of about 300 mVg. 
an average particle size of 46.9 microns, and a narrow particle size distribution QO wt% of the particles 
were less than 15 microns in diameter and 90 wt% of the particles were less than 78 microns in diameter). 
884.3 grams of this silica were placed in a clean, dry, oxygen-free 2 gallon mixer and slurried in 2SOO ml 
of dry. oxygen-free isopentane. 48.1 g of neat trimethylchlorosilane was added to the slurry over 15 minutes 
at 35-C while stirring. The slurry was stirred for 3 hours at 35'C at 120 rpm. The sample was then dried 
under flowing nitrogen at 60*C until a free-flowing powder resulted. 

To the dried support was added 2839 ml of a solution consisting of 304 ml of a 10 cSt PDMS, 814 ml of 
9.9% BEM in heptane, and 1721 ml of isopentane. This solution was prepared by adding the BEM to the 
isopentane. followed by adding the PDMS to that mixture at 35*C and stirring for 3 hours. The support was 
25 stirred with the BEM/PDMS reaction products to I hour 35*C at 120 rpm. The support was then dried by 
heating the mixture to 46*C and allowing the isopentane to evaporate. After the slurry had dried to a sticky 
muA the temperature was increased to 60*C and nitrogen was passed over the sample in order to 
evaporate the remaining heptane. The support became a free-flowing powder within 2 hours. 

To the dry sold was added 1768 ml of a 0.497 mmole/ml solution of SiHCI, in isopentane over a 15 
minute penod. The slurry was then stirred for I hour at 35-C at 120 rpm. After I hour. 39J ml of TiCU were 
added to the slurry at 35*C over a 15 minute period. The slurry was then stirred for I hour at 35'C at 120 
rpm. The solid was then dried by raising the temperature to 46*C for about 80 minutes In order to allow the 
isopentane to evaporate to an extent that a mud was observed in the reactor. At that point the temperature 
was raised to 60°C and nitrogen flow begun in order to evaporate the remaining isopentane and produce a 
dry. free-flowing solid. After 70 minutes. 1654 grams of final catalyst was recovered. The catalyst contained 
0.87 wt% Ti. 1.61 wt% Mg. and 7/36 wt% CI. 



Polymerization Results 



The polymerization was conducted in a 36 inch diameter fluidized bed polymerization reactor operating 
at 82-C and a pressure of 300 psig. The gas phase composition was 35.5 mole % ethylene. 7.3 mole % 
hydrogen. 15.3 mole % butene-i. and 42J mole % nitrogen. The gas was circulated at a superficial velocity 
of 1.6 ft/sec/ The catalyst feed rate was 26.4 g/hr and the production rate was 122 Ib/hr. Triethylaluminum 
45 was used as a cocataryst and was fed to the reactor in sufficient quantity to maintain an Aim ratio of 86 
during the course of the reaction. 

The catalyst was used to prepare an ethylene-butene copolymer having an Ml of 1.0 and a resin density 

eS° 9 ^ ThS r8Sin had a M,R of 291 * had a narrow molecular weight distribution with 1^ = 
133.600 and = 2.9. The poured bulk density of the resin based on ASTM Test D 1895-69. Method B 

so was 28J Ib/cu ft (0.45 g/cc). The tapped bulk density of the resin using the same test was 30.4 Ib/cu ft 
(0.49 g/cc). The average resin particle size was 480 microns with 0.6 wt% fines less than 125 microns. 
Thus these particles have high bulk density. 



16 



SDOCID: <E P 024C2S4A2J_> 



0 240 254 



TABLE 1 



10 



IS 



EXAMPLE 


PROD 


MI 


MIR 


MI 


DENSITY 


BULK DENSITY 


U) 


(OG/rt) 


SWELL 


(G/CC) 


(G/CC) 


1 


953 • 


1.23 


24.71 


1.06 


0.9432 


0.43 


2 


320 


0.53 


25.80 


1.15 


0.9437 


0.34 


3 


556 


1.02 


22.70 


1.13 


0.9445 


0.37 


4 


753 


•1.76 


23.60 


1.09 


0.9433 


0.40 


5 


722 


1.55 


25.30 


1.12 


0.9420 


0.43 


6 


820 


1.46 


24.40 


1.18 


0.9423 


0.42 


(1) Units of PROD (catalyst productivity) are 


g/g/nr 
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TABLE 2 



2S 





EXAMPLE 


VOLUME 


VOLUME 


VOLUME 


WT % 




WT % 






BEM/PDMS 


SiHC13 


TTC14 


Ti 


W M % 


CI 






(ml; 


(ML) • 


(ML) 








90 


2 


5.61 


11.3 


0.88 


0.62 






V 


3 


7.86 


15.8 


1.24 


0.76 


1.47 


6.56 




4 


8.98 


18.0 


1.44 


0.83 


1.54 


7.03 




5 


11.24 


22.6 


1.80 


0.91 


1.74 


7.80 


as 


6 


12.36 


24.6 


1.96 


0.94 


1.80 


8.04 


40 






TABLE 


3 
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EXAMPLE 


PROD 


MI 


MIR 


MI 


DENSITY 


BULK DENSITY 




Try 


(DG/M) 




SWELL 


(6/CC) 


(G/CC) 


Comp. 1 


3235 










0.16 


Comp. 2 


86 










0.38 


Comp . 3 


96 


0.38 


80.50 


1.08 


0.9501 




Comp. 4 


3218 


1.84 


41.10 


1.63 


0.9417 


0.29 


Comp. 5 


389 


0.55 


27.60 


1.19 


0.9425 


0.39 


Comp. 6 


1300 


0.99 


25.80 


1.16 


0.9425 


0.40 



55 (1) Units of PROD (catalyst productivity) are g/g/hr 
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TABLE 4 



is 



20 



25 



30 



3S 



EXAMPLE 


PROD 


MI 


MIR 


MI 


OENSITY 


BULK OENSITY 




~nr 


(0G/MJ 




SWELL 


(G/CC) 




(G/CC) 


1 


953 


1.23 


24.71 


1.06 


0.9432 




HO 


7 


480 


0.56 


24.20 


1.15 


0.9421 






ft 
o 


865 


1.58 


23.90 


1.12 


0.9420 




0.42 


9 


1153 • 


1.89 


23.00 


->.09 


0.9416 




0.43 


10 


1363 


1.33 


24.40 


1.06 


0.9419 




n aa 

Urn *t*f 


1 1 


680 


0.74 


23.80 


1.15 


0. 9429 






1 c 


565 


0.77 


24.20 


1.14 


0.9431 








13 


0.35 


31.60 


1.17 


0.9492 






31 ) Units 


Of PRUO 


(catalyst productivity) are g/g/hr 












TABLE 5 








EXAMPLE 


VOLUME 


VOLUME 


VOLUME 


WT % 


WT % 


WT % 




8EM/PDMS 


SiHC13 


TiCl4 


Ti 


Mg 


CI 




I ML) 




(ML) 


(ML) 








7 


5.61 




11.3 


0.88 


0.62 






8 


7.86 




15.8 


1.24 


0.76 


1.47 


6.56 


9 


8.98 




18.0 


1.44 


0.83 


1.54 


7.03 


10 


10.00 




20.0 


1.60 


0.94 


1.80 


8.04 


11 


11.24 




22.6 


1.80 


0.91 


1.74 


7.80 


12 


12.36 




24.6 


1.96 


0.94 


1.80 


8.04 



55 
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TABLE 8 



10 



is 



[AMPLE 


MAGNESIUM 


SOLVENT 


AMOUNT OF 


AMOUNT OF 




CUMPUUNu 




MG CMPO 


SOLVENT 








(ML) 


(ML) 


21 


BcM(l) 


Heptane 


14.28 


10.38 


22 


D8M( 1 ) 


Heptane 


12.33 


12.33 


23 


BuMgCl ( 1 ) 


Etner 


4.50 


20.16 


24 


BEM( 1 ) 


Ether 


14.28 


10.38 


25 


BEM/BuOH(2) 


Hexane 


15.00 


9.56 


26 


BEM/0ct0H(2) 


Hexane 


15.70 


8.96 



20 



25 



(1) BEM (outyletnylmagnesium from Texas Alkyls) was 9.9% (w/w) in 
neptane, DBK (dibutyl- magnesium from Lithium Corporation of 
America) was 15* (w/w) in neptane, BuMgCl (outylmagnesium 
chloride) was used as a 1 molar solution in diethyl ether. 



30 



35 



(2) BEM/6uOH is tne reaction product of BEM and 1-butanol at a 1:1 
molar ratio prepared by reacting 14.28 cc of BEM with 0.82 cc of 
1-butanol. BEM/OctOH is the reaction product of BEM and 
1-octanol at a 1:1 molar ratio prepared by reacting 14.28 cc of 
BEM witn 1.42 cc of 1-octanol. 



TABLE 9 



40 



EXAMPLE 



SP ACT 
~~P1 



MI 
(DG7M) 



MIR 



MI 
SWTLL 



DENSITY 
IG/CC) 



BULK DENSITY 
IG/CC) 



50 



21 


230 


1.52 


25.90 


1.12 


0.9425 


0.43 


22 


272 


1.29 


25.70 


* 1.13 


0.9425 


0.43 


23 


159 


0.77 


27.84 


1.17 


0.9416 


0.38 


24 


283 


1.38 


27.39 


1.15 


0.9425 


0.39 


25 


270 


1.46 


26.50 


1.11 


0.9409 


0.43 


26 


251 


3.10 


27.10 


1.23 


0.9427 


0.42 



(1) Units of Specific Activity as are kg/g Ti/hr/(mole/l of ethylene) 
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TABLE 12 
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20 



25 



EXAMPLE 



37 
38 
39 
40 
41 



OEHYDRATION 
TEMPEKATURE 

TO — 

200 
450 
800 
450 
450 



QUANTITY 
OCOMS (1) 

50.0 
30.0 
10.0 
20.0 
20.0 



QUANTITY OF 
SUPPORT 

4.50 
3.60 
2.80 
2.00 
2.00 



Mq COMPOUND 
(2) 



BEM 
BEM 
BEM 
Mg(0R) 2 
Mg(0R) 2 



(1J DCDMS is dichlorodimethylsilane in a 1.0 mmole/ml solution in 
hexane. 

(2) BEM (Dutylethylmagnesium from Texas Alkyls) was 9.9% (w/w) in 
heptane, Mg(0R) 2 (magnesium 2-metnylpentyloxide from Lithium 
Corporation of America) was 15% (w/w) in heptane, 



Claims 

go L A transition metal containing catalyst component comprising the solid reaction product produced by 
(I) containing 

A. the dried solid obtained by reacting 

i. a solid, particulate porous support material In a solvent with 
II. the reaction product of 
as a. a magnesium-containing compound, and 

b. a polysiloxane, with 

B. a halogenating agent, and 

(10 contacting the halogenated product with a transition metal compound. 

2. Catalyst component according to claim I wherein the support material (i) comprises a Group HA. MA, 
40 IV A, or IVB metal oxide. 

3. A catalyst component in accordance with claim 2 wherein the support material is silica. 

4. A catalyst component according to claim I, 2 or 3 wherein the magnesium-containing compound is 
represented by the formula R 1 MgX wherein R* is selected from alkyl, aryl. cycloalkyl. aralkyl. alkaryl. 
aikadienyl. and alkenyl groups having from I to 20 carbon atoms, and X which may be the same or 

^5 different from R'. is selected from R\ haiide, a C,-C» alkoxide. or siioxide groups. 

5. A catalyst component In accordance with claim 4 wherein the magnesium compound comprises 
butylethylmagnesium, butylmagnesium chloride, dl-butyimagnesium, di-n-hexylmagnesium. butyloctylmag- 
nesium, butylmagnesium butoxlde, butylmagnesium 2-ethylhexyloxide, or butylmagnesium 2-methyl pen- 
tyloxide. 

& 6. A catalyst component according to any one of the preceding claims wherein the polysiloxane is 
represented by the general formula 
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R 6 - 



10 



R 
I 

Si 
I 

n 8 



- 0 



R 
I 

Si 
I 

08 







" R 7 ' 








1 • 




or 




Si - 0 






1 






R 8 





wherein R\ R 7 , and R*. which can be the same or different, are each a hydrocarbon radical having from I to 
24 carbon atoms, n is a number from I to 1000, and k is a number from 3 to 20. 
J6 7. A catalyst component according to any one of the preceding claims wherein the halogenating agent 
comprises a halosilane, aluminum halide, tin halide, germanium halide, halogen, boron halide, phosphorus 
halide, or antimony halide. 

8. A catalyst component in accordance with claim 7 wherein the halogenating agent comprises 
trichlorosilane, methyltrichlorosilane, dimethyldichlorosilane. methyldichlorosilane. ethylaluminum dichloride, 

20 diethylaluminum chloride, isobutylaluminum dichloride, diisobutylaluminum chloride, boron trichloride, ethyl- 
boron dichloride. diethylboron chloride, phosphorus oxytrichloride, or chlorine. 

9. A catalyst component according to any one of the preceding claims wherein the transition metal 
compound is one or more of the compounds represented by the formula: TrX4^(0R*) qi TrX'^R *° , VO- 
(OR*h or VOX', wherein Tr is a Group IVB. VB, or VIB metal, q is O or a number equal to or less than 4, X' 

2S Is halogen and R* and R w are each indenpendently a hydrocarbyl or substituted hydrocarbyl group having 
from I to 20 carbon atoms. 

10. A catalyst component in accordance with claim 9 wherein the transition metal is selected from 
titanium, vanadium, or zirconium. 

11. A catalyst component in accordance with claim 10 wherein the transition metal compound is TiCL 

30 12. A transition metal containing catalyst component comprising the solid reaction product produced by 
(I) contacting 

A. the dried solid obtained by reacting 

i. a dry solid, particulate porous support of a Group IIA. IIIA, IVA, or IVB metal oxide with 
if. the reaction product of 

35 a a magnesium compound represented by the formula R'MgX wherein R 1 is selected from alkyl, 

aryl, cycloalkyl, aralkyi, alkaryl, alkadienyl, and alkenyl groups having from I to 20 carbon atoms, and X. 
which may be the same or different from R\ is selected from R\ halide, a C,-C» alkoxide, or siioxide 
groups, and 

b. a polysiloxane represented by the general formula 
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wherein R # , R', and R*. which can be the same or different, are each a hydrocarbon radical having from I to 
24 carbon atoms, n is a number from I to 1000. and k is a number from 3 to 20. with 

B. a halogenating agent chosen from halosilanes. aluminum halides, tin halides. germanium halides. 
halogens, boron halides, phosphorus halides. or antimony halides; and 

(II) contacting the halogenated product with a transition metal compound or mixtures thereof repre- 
sented by the formula; 

Tr)C*^OR , ) q . TrX^R \° . VO^R 1 ), and VOX, 
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wherein Tr Is a Group IVB, VB. or V1B metal, q is O or a number equal to or less than 4. X Is halogen, R* is 
a hydrocarbyl or substituted hydrocarbyl group, having from I to 20 carbon atoms and R w is a hydrocarbyl 
group or substituted hydrocarbyl group having from I to 20 carbon atoms. 

13. A catalyst system for the polymerization or copolymerization of ethylene and alpha-olefins having 
s from 3 to 12 carbon atoms comprising 

A. an organometallic cocataiyst compound of a Group IA, IIA, or UIA metal, and 

B. a transition metal containing catalyst component according to any one of the preceding claims. 

14. A catalyst system according to claim 13 wherein the cocataiyst A comprises an organoaiuminum 
compound of the formula R^AIX^ wherein R is hydrogen, hydrocarbon, or substituted hydrocarbon having 

70 from I to 20 carbon atoms, X is halogen and n is a number from I to 3. 

15. A catalyst system according to claim 13 or 14 which contains from IO-I000 moles of cocataiyst A per 
mole of catalyst component B. 

16. A process for polymerization of ethylene and alpha-olefins having from I to 20 carbon atoms or 
mixtures of ethylene, alpha-olefins, and non-conjugated diolefins which process comprises polymerizing the 

75 monomer(s) in the presence of the catalyst system of claim 13, !4 or 15. 

17. A process according to claim 16 when carried out in the gas phase under process conditions adapted 
to produce a polymer having a bulk density of from 0.35-0.46 g/cm*. 
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